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Air-fuel ratio control system for internal combustion engines. 

An air-fuel ratio control system for internal combustion 
engines has an air-fuel ratio sensor (8) mounted in an exhaust 
pipe (7) of an internal combustion engine (1) and is adapted to 
produce an output indicative of the air-fuel ratio of a mixture 
supplied to the engine, on the basis of the composition of 
exhaust gases in the exhaust pipe (7). The air-fuel ratio sensor 
(8) is provided with an electric heater (100) for heating the 
air-fuel ratio sensor (8). The system further has a temperature 
sensor (10) for sensing the temperature of the internal 
combustion engine (1) or the ambient air temperature, and an 
engine operation sensor (211) adapted to sense whether the 
engine has been stopped, through detection of the state of the 
ignition switch. When the engine operation sensor has sensed 
that the internal combustion engine has been stopped while the 
temperature sensed by the temperature sensor is below a 
predetermined level, the electric heater is supplied with power 
for a predetermined time after the stop of the engine so as to 
evaporate any water content clinging to the air-fuel ratio sensor. 
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Description 



AIR-FUEL RATIO CONTROL SYSTEM FOR INTERNAL COMBUSTION ENGINES 



BACKGROUND OF THE INVENTION 

5 

Field of the Invention 

The present invention relates to an air-fuel ratio 
control system for internal combustion engines and, 
more particularly, to an air-fuel ratio control system 
in which the feed-back control of the air-fuel ratio of w 
a mixture supplied to an internal combustion engine 
is conducted in accordance with a signal from an 
air-fuel ratio sensor with a heater. Still more 
particularly, the invention is concerned with an 
air-fuel ratio control system of the type mentioned 15 
above, which is improved to prevent destruction of 
the air-fuel ratio sensor when the ambient air 
temperature is low. 

Description of the Prior Art 20 

A feed-back type air-fuel control system has been 
known which employs an air-fuel ratio sensor 
(oxygen sensor) in which the output is inverted when 
the air-fuel ratio changes across the stoichiometric 
point. In order for this type of air-fuel ratio control 25 
system to operate satisfactorily, it is essential that 
the air-fuel ratio sensor is well activated by being 
heated to and maintained at a high temperature. In 
some cases, however, this requirement cannot be 
met particularly when the exhaust gas temperature 30 
is comparatively low due to light loads on the engine 
or when the air-fuel ratio sensor is installed at the 
downstream portion of the exhaust pipe. In order to 
obviate this problem, air-fuel control systems have 
been proposed and actually used in which the 35 
air-fuel ratio sensor incorporates an electric heater 
which heats and activates the sensor. 

Air-fuel ratio sensors adapted to produce a digital 
output which changes linearly in response to a 
change in the air-fuel ratio have aJso been put into 40 
practical use. Such sensor also incorporate electric 
heaters for the purpose of improving the sensing 
accuracy and sufficiently activating the sensors. 

Air-fuel ratio control systems using air-fuel ratio 
sensors of the types mentioned above are broadly 45 
used in various internal combustion engines for the 
purpose of cleaning exhaust gases, regardless of 
whether the engines are carbureted or fuel injected. 

A known air-fuel ratio control system combined 
with speed-density-type fuel injection and employing 50 
an air-fuel ratio sensor adapted to produce a linear 
output in relation to a change in the air-fuel ratio will 
be described hereunder by way of example. 

The description will be made with reference to 
Fig. 4 which also will be used in the description of an 55 
embodiment of the invention. 

In Fig. 4, an internal combustion engine A has an 
engine proper 1, an intake pipe 2 and a throttle 
valve 3 disposed in the intake pipe 2. 

The pressure of the intake air in the intake pipe 2 is 60 
sensed by a pressure sensor 4 which delivers the 
sensing output to an A/D converter 91 of a 
later-mentioned control device 9. The temperature of 



the engine proper may be detected by a cooling 
water temperature sensor (not shown), the output of 
which also is delivered to the A/D convector 91 . 

The engine speed is sensed by an rpm sensor 5 
which produces pulses of a frequency proportional 
to the engine speed. The output pulses of the rpm 
sensor are delivered to an input circuit 92 of the 
control device 9. The control device 9 has an output 
circuit 96 which delivers a control output in accord- 
ance with which a fuel injector 6 operates to inject a 
fuel into the intake pipe 2. 

An air-fuel ratio sensor 8 is disposed in an exhaust 
pipe 7 which is connected to the engine proper 1. 
The air-fuel ratio sensor 8 is capable of sensing the 
air-fuel ratio of the mixture fed to the engine through 
measurement of components of the exhaust gas 
flowing in the exhaust gas pipe 7. 

Thus, the control device 9 receives various data 
concerning the state of engine operation, including 
the intake air pressure data derived from the 
pressure sensor 4, engine speed data from the rpm 
sensor 5 and the air-fuel ratio from the air-fuel ratio 
sensor 8. Upon receipt of these data, the control 
device 9 computes the optimum fuel injection rate 
and controls the duty ratio or the pulse width of the 
driving pulses for driving the fuel injector 6 in 
accordance with the thus computed optimum fuel 
injection rate. 

The AD converter 91 of the control device 9 is 
adapted to convert the analog signals such as those 
derived from the air-fuel ratio sensor 8 and the 
pressure sensor 4 into digital signals which are 
delivered to a microprocessor 93. 

The input circuit 92 of the control device 9 has a 
function to conduct a level-conversion of the pulse 
signal derived from the rpm sensor 5. The signal 
from this circuit 92 also is delivered to the micropro- 
cessor 93. The microprocessor 93 computes the 
amount of fuel to be supplied to the engine proper 1 
in accordance with the digital and pulse signals from 
the AD converter 91 and the input circuit 92, to 
produce a signal for controlling the duty ratio or the 
pulse width of the driving pulses for driving the 
injector 6. 

The processes to be executed by the micropro- 
cessor 93 and other related data are stored 
beforehand in a read-only memory (ROM) 94, while 
data obtained in the course of computation are 
temporarily stored in a random access memory 
(RAM) 95. The delivery of the output signal from the 
microprocessor 93 to the fuel injector 6 is con- 
ducted through the output circuit 96. 

The construction of the air-fuel ratio sensor 8 will 
be described hereunder with reference to Fig. 5. 
Specifically, the air-fuel ratio sensor 8 has an oxygen 
pump cell 81, an oxygen battery cell 82, a pair of 
electrodes 83a, 83b made of a porous material, a 
diffusion chamber 84, a reference voltage 85, a 
comparison amplifier 86, a pump driving circuit 87, 
and a resistor 88 which is used for the purpose of 
detecting the electric current in the pump cell. 
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Reference numeral 103 denotes an electrical 
insulator on which is formed a resistor 100. The 
resistor 100 serves as a heat-generating element. An 
air gap 102 is formed between the portion of the 
electric insulator 103 having the resistor 100 and the 5 
oxygen battery cell 82. This basic arrangement of the 
air-fuel ratio sensor 8 is already known from the 
disclosures of Japanese Patent Laid-Open 
Nos. 59-19046 and 60-128349. In operation, the 
voltage generated in the oxygen battery cell 82 and 10 
the voltage of a reference voltage source 85 which is 
set, for example, at 0.4V are input to the comparison 
amplifier 86 so as to be compared with each other. 
At the same time, the pump driving circuit 87 is 
driven to supply an electric current to the oxygen 15 
pump cell 81 so as to reduce the offset of the voltage 
in the oxygen battery cell 82 from the reference 
voltage to zero, whereby a state of the exhaust gas 
corresponding to the stoichiometric ratio is obtained 
in the diffusion chamber 84. 20 

With this arrangement, it is possible to detect the 
air-fuel ratio of the mixture which is being fed to the 
engine, regardless of whether it is on the leaner or 
richer side of the stoichiometric point, and the result 
of measurement is taken out as a voltage across the 25 
resistor 88. In consequence, an output voltage which 
linearly changes in relation to a change in the air-fuel 
ratio over a wide range is obtained as shown in 
Fig. 6. 

During operation of the engine, the resistor 100 is 30 
supplied with an electric current through the output 
circuit 97 in the control device 9 so as to heat and 
activate the air-fuel ratio sensor 8. 

A description will be made hereunder with specific 
reference to Fig. 7 as to a typical known feed-back 35 
control of air-fuei ratio conducted by using the 
above-described air-fuel ratio sensor 8. Fig. 7 is a 
flow chart showing the process of the control 
performed by the control device 9 shown in Fig. 4. 

The pulse signal from the rpm sensor 5, repre- 40 
senting the rpm Ne of the engine, is read in Step S 1 , 
and the signal from the pressure sensor 4 indicative 
of the absolute pressure Pb in the intake pipe is read 
in Step S 2. In Step S 3, the basic driving pulse width 
ro of the pulses for driving the injector 6 is computed 45 
on the basis of the data read in Steps S 1 and S 2. 

The pulse width ro can be expressed by 
r 0 = K«Pb*T|v, where K represents a constant, while 
T| v represents charging efficiency which is deter- 
mined by the intake pressure Pb and the engine 50 
rpms Ne. 

Although not shown in fig 7, a temperature - com- 
pensation may be conducted on the driving puise 
width in accordance with the temperature signal 
derived from the cooling water temperature sensor 55 
10 such that the actual driving pulse width x 0 is 
increased as compared with the computed by the 
above mentioned formula when the cooling water 
temperature is low. 

A target air-fuel ratio (A/F) S is set in Step S 4. The 60 
target air-fuel ratio (A/F) S is determined beforehand 
in such a manner as to optimize the air-fuel ratio for 
attaining the maximum dynamic performance of the 
engine while minimizing the fuel consumption under 
varying engine rpms Ne and the intake pressure Pb, 65 



as will be seen from Fig. 8 in which a flow chart (a) 
shows operation cycle of the engine and in which a 
flow chart (b) shows the on-off cycle of the heater 
100 in the air-fuel ratio sensor 8. The target air-fuel 
ratio, however, may be determined taking into 
account also other factors such as the engine 
temperature and the state of acceleration or de- 
celeration of the engine. 

The output signal (A/F) R from the air-fuel ratio 
sensor 8 is read in Step S 5 and, in Step S 6, the 
deviation of the air-fuel ratio from the target air-fuel 
ratio, i.e., (A/F)S -(A/F)R. is computed and inte- 
grated with a suitable gain. In Step S 7, it is 
determined whether the integrated value I falls within 
a predetermined limit range l(LMT). If this integrated 
value falls within a predetermined range, a correction 
value 1 1 is set as h = I in Step S 8, whereas, rf this 
integrated value does not fall within a predetermined 
range, a correction value h is set as h = IL in Step S 
9. 

In Step S 10, the pulse width r of the injector 
driving pulses is determined by multiplying the basic 
pulse width ro determined in Step S 3 with the 
correction value h determined in Step S 8 or S 9. 

It will be understood that the feed-back control of 
the air-fuel ratio is conducted to follow the target 
air-fuel ratio as the above-described control process 
is repeated momentarily. 

The described control operation, however, essen- 
tially requires that the air-fuel ratio sensor 8 correctly 
detect momentary changes in the air-fuel ratio and. 
therefore, the air-fuel ratio sensor has to be 
sufficiently activated by being heated. However, 
exhaust gas temperature is normally so low when 
the engine is operating under a light load that the 
air-fuel ratio sensor 8 cannot be sufficiently acti- 
vated. In order to obviate this problem, it has been a 
common measure to provide an electric heater 100 
in the air-fuel ratio sensor 8 and to supply electric 
power to the heater 100 whenever the engine is 
operating, as shown in Fig. 8. 

The known air-fuel ratio control system for internal 
combustion engines described hereinabove can 
operate satisfactorily under normal ambient air 
temperature. A problem is encountered, however, 
particularly when the ambient air temperature is 
extremely low, e.g., between 0° and -30° C. Namely, 
under such low ambient air temperatures, if the 
engine is stopped before the engine and the exhaust 
system are completely heated, the moisture con- 
tained in the exhaust gas condenses within the 
exhaust pipe 7 to become water droplets which cling 
to the air-fuel ratio sensor. 

The air-fuel ratio sensor 8 has tiny apertures such 
as the air gap 102 and very small holes formed in the 
electrodes 83a, 83b. If the engine is left to stand 
without operating under such cold temperatures, the 
water droplets clinging to such tiny apertures freeze 
increasing their volumes to produce mechanical 
forces which break the cells in the air-fuel ratio 
sensor 8. 

SUMMARY OF THE INVENTION 

Accordingly, it is an object of the present 
invention to provide an air-fuel ratio control system 
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for internal combustion engines, which is improved 
in such a way as to prevent destruction of the air-fuel 
ratio sensor attributable to freezing of water dro- 
plets, thereby overcoming the above-described 
problems of the prior art. 5 

To this end, according to the present invention, 
there is provided an air-fuel ratio control system for 
internal combustion engines, comprising: an air-fuel 
ratio sensor mounted in an exhaust pipe of an 
internal combustion engine and adapted to produce 10 
an output indicative of the air-fuel ratio of a mixture 
supplied to the engine on the basis of the composi- 
tion of exhaust gases in the exhaust pipe; heating 
means for heating the air-fuel ratio sensor; an engine 
operation sensor adapted to sense whether the 15 
engine has been stopped; and control means for 
controlling the heating means such that it is 
operated for a predetermined time after the engine 
operation sensor has sensed that the internal 
combustion engine has been stopped. 20 

A temperature sensor for sensing the tempera- 
ture of the ambient air and/or the internal combus- 
tion engine may be provided. In this case, the control 
means is operative for allowing, when the engine has 
been stopped while the temperature sensed by the 25 
temperature sensor is below a predetermined level, 
the heating means to operate for a predetermined 
time after the engine operation sensor has sensed 
that the engine has been stopped. 

The above and other objects, features and 30 
advantages of the present invention will become 
clear from the following description of the preferred 
embodiment when taken in conjunction with the 
accompanying drawings. 

35 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic illustration of a critical 
portion of an air-fuel ratio control system for 
internal combustion engines in accordance with 
the present invention; 40 

Fig. 2 is a flow chart showing the operation of 
the air-fuel ratio control system shown in Fig. 1 ; 

Fig. 3 is a timing chart showing the oper- 
ations of a timer and a heater of the air-fuel ratio 
control system of Fig. 1 in relation to the 45 
operation of an internal combustion engine; 

Fig. 4 is a schematic illustration of a known 
air-fuel ratio control system for internal com- 
bustion engines; 

Fig. 5 is an illustration of the detailed 50 
construction of an air-fuel ratio sensor shown in 
Fig. 4; 

Fig. 6 is a chart showing the operation 
characteristics of the air-fuel ratio sensor of 
Fig. 5; 55 

Fig. 7 is a flow chart showing the operation of 
the known air-fuel ratio control system; 

Fig. 8 is a timing chart showing the operation 
of a heater in the known air-fuel ratio control 
system in relation to the operation of an internal 60 
combustion engine; 

Fig. 9 is a schematic illustration of a critical 
portion of an air-fuel ratio control system for 
internal combustion engines in accordance with 
an alternative embodiment of the present 65 



invention; and 

Fig. 10 is a flow chart showing the operation 
of the air-fuel ratio control system shown in 
Fig. 9 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

A preferred embodiment of the present invention 
will be described hereinunder. In the following 
description and the associated figures of the 
drawings, the same reference numerals are used to 
denote the same parts or members as those 
appearing in the foregoing description of the prior 
art. 

The general arrangement of the air-fuel ratio 
control system of the present invention is basically 
the same as that of the known system explained 
before in connection with Fig. 4, but is distinguished 
from the described known art in that the arithmetic 
function of the microprocessor 93 in the control 
device 9 and the manner of setting of data are 
changed. 

More specifically, the air-fuel ratio control system 
in accordance with the present invention has 
additional functions as shown in the flow chart in 
Fig. 2. 

Namely, as illustrated in Fig. 1, the air-fuel ratio 
control system embodying the present invention has 
an air-fuel ratio sensor 8 mounted in an exhaust pipe 
of an internal combustion engine and adapted to 
produce an output indicative of the air-fuel ratio of a 
mixture supplied to the engine on the basis of the 
composition of exhaust gases in the exhaust pipe; 
heating means 100 such as an electric heater being 
operable to heat the air-fuel ratio sensor 8 during the 
operation of the engine; and engine operation 
sensor 211 adapted to sense whether the engine 
has been stopped; and control means 212 for 
controlling the heating means 100 such that it is 
operated for a predetermined time after the engine 
operation sensor 211 has sensed that the internal 
combustion engine has been stopped. 

The air fuel ratio sensor 8 is similar in construction 
and operation to the one shown in Fig. 5. 

Preferably, the control means 212 comprises a 
timing means which is adapted to allow the heater 
100 to operate for a predetermined time after the 
engine operation sensor 211 has sensed that the 
engine has been stopped. Such a timing means may 
be constructed as software like a control program 
built in the microprocessor 93 of the control device 9 
or as hardware like a timer. 

The operation of this embodiment will be de- 
scribed hereunder with reference to the flow chart 
shown in Fig. 2 and the timing charts shown in Fig. 3. 
When the engine is started to operate, current is 
supplied to the electric heater 100 under the control 
of the control device 9 so that the heater serves to 
heat the air-fuel ratio sensor 8 to an appropriate 
temperature during the operation of the engine. In 
Step 200, the engine operation sensor 211 deter- 
mines whether the engine has been stopped or not, 
through detection of the state of a key or ignition 
switch. If the engine has been stopped, the process 
proceeds to Step 201 in which the timing means 212 
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for controlling the power supply to the heater 100 is 
started to operate, as illustrated in the timing charts 
(a) and (b) of Fig. 3. During the operation of the 
timing means 212, electric power is supplied from a 
power source 104 to the electric heater 100 of the 
air-fuel ratio sensor 8 through the output circuit 97 of 
the control device 9, as illustrated in the timing chart 
(c) of Fig. 3, so that the air-fuel ratio sensor 8 is 
heated. The time set in the timing means 212 is 
determined beforehand and is long enough to 
ensure that any wetness on the air-fuel ratio 
sensor 8 is completely removed by evaporation. For 
instance, the timing means 212 is set to continue the 
electric power supply to the heater 100 for several 
minutes when the engine is stopped. 

As will be understood from the foregoing descrip- 
tion, in the air-fuel ratio control system of the 
present invention, when an internal combustion 
engine is stopped after a short operation before the 
engine is fully warmed up, electric power is supplied 
to the heater 100 of the air-fuel ratio sensor 8 for a 
predetermined time after the stop of the engine, 
thereby to completely evaporate any water content 
attached to the air-fuel ratio sensor 8. 

An alternative embodiment of the invention is 
described with reference to Figures 9 and 10. This 
differs from the previous embodiment in that a 
temperature sensor 10 is provided, and the control 
means 212 operates in dependence upon the 
sensed temperature. 

Namely, the air-fuel ratio control system of this 
embodiment has an air-fuel ratio sensor 8 mounted 
in an exhaust pipe of an internal combustion engine 
and adapted to produce an output indicative of the 
air-fuel ratio of a mixture supplied to the engine on 
the basis of the composition of exhaust gases in the 
exhaust pipe; heating means 100 such as an electric 
heater for heating the air-fuel ratio sensor; a 
temperature sensor 10 for sensing the temperature 
of the internal combustion engine; an engine 
operation sensor 211 adapted to sense whether the 
engine has been stopped; and control means 212 for 
allowing, when the engine operation sensor 21 1 has 
sensed that the internal combustion engine has 
been stopped while the engine temperature sensed 
by the temperature sensor 10 is below a predeter- 
mined level, the heating means to operate for a 
predetermined time after the engine operation 
sensor 21 1 has sensed that the internal combustion 
engine has been stopped. 

Preferably, the control means 212 includes tem- 
perature determining means 213 for determining 
whether the engine temperature sensed by the 
temperature sensor is below the predetermined 
level, and a timer 214 adapted to allow, when the 
engine operation sensor 211 has sensed that the 
internal combustion engine has been stopped while 
the engine temperature is judged by the tempera- 
ture judging means 213 to be below the predeter- 
mined level, e.g., 70° C, the heating means to 
operate for a predetermined time after the engine 
operation sensor has sensed that the internal 
combustion engine has been stopped. 

The operation of this embodiment will be de- 
scribed hereunder with reference to the flow chart 



shown in Fig. 10 In Step 200, the engine operation 
sensor 211 determines whether the engine has been 
stopped or not, through detection of the state of a 
key or ignition switch. If the engine has been 
5 stopped, the process proceeds to Step 201 in which 
the temperature determining means 213 determines 
whether the cooling water temperature is above a 
predetermined level which is, for example, set at 
70° C, by means of the signal derived from the water 

10 temperature sensor 1 0. If the cooling water tempera- 
ture is below the predetermined level, a timer 214 for 
controlling the power supply to the heater is started 
in Step 202. During the operation of the timer 214, 
electric power is supplied from the power supply 104 

15 to the electric heater 100 in the form of a resistor of 
the air-fuel ratio sensor 8, through the output circuit 
97 of the control device 9 so that the air-fuel ratio 
sensor 8 is heated. The time set in the timer 214 is 
determined beforehand and is long enough to 

20 ensure that any wetness on the air-fuel ratio sensor 
is completely removed by evaporation. For instance, 
the timer 214 is set to continue the electric power 
supply to the heater for several minutes when the 
ambient air temperature is low. 

25 As will be understood from the foregoing embodi- 
ment in the air-fuel ratio control system of the 
present invention, when an internal engine is 
stopped after a short operation before the engine is 
fully warmed up, the engine temperature is deter- 

30 mined through detection of the cooling water 
temperature and, if the engine temperature is below 
a predetermined level, electric power is supplied to 
the heater 100 of the air-fuel ratio sensor 8 for a 
predetermined time after the stop of the engine, 

35 thereby to completely evaporate any water content 
attached to the air-fuel ratio sensor 8. 

Although in the described embodiment the supply 
of the electric power to the heater 100 is controlled 
in accordance with the engine temperature sensed 

40 by the cooling water temperature sensor 10, this is 
not exclusive and the air-fuel ratio control system of 
the invention may employ a temperature sensor for 
sensing the ambient air temperature in place of the 
cooling water temperature sensor 10. In such a case, 

45 the temperature determining means 213 determines 
is below a predetermined level, e.g., 0°C and, if so, a 
signal is generated to operate the timer 214 thereby 
allowing the electric power supply to the heater 100. 
According to the invention, therefore, it is 

50 possible to avoid destruction of the air-fuel ratio 
sensor 8 which may otherwise be caused due to 
freezing of water droplets clinging to the air-fuel 
ratio sensor when the ambient air temperature is 
low. 

55 Although the invention has been described 
through its preferred form, it is to be understood that 
the described embodiment is only illustrative and 
various changes and modifications may be imparted 
thereto without departing from the scope of the 

60 present invention which is limited solely by the 
appended claims. 
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Claims 

5 

1. An air-fuel ratio control system for internal 
combustion engines, comprising: 

an air-fuel ratio sensor (8) for providing informa- 
tion indicative of the air-fuel ratio of a mixture 
supplied to the engine (1), and heating means 10 
(100) for heating, the air-fuel ratio sensor (8), 
characterized in that control means (212) is 
provided for operating the heating means (100) 
for a predetermined time after the engine has 
stopped running. 15 

2. An air-fuel ratio control system according 
to Claim 1, wherein the control means is 
provided for operating the heating means (100) 
for a predetermined time after the engine has 
stopped running and the ambient temperature 20 
and/or engine temperature has fallen below a 
predetermined level. 

3. An air-fuel ratio control system for internal 
combustion engines, comprising: 

an air-fuel ratio sensor (8) mounted in an 25 
exhaust pipe (7) of an internal combustion 
engine (1) and adapted to produce an output 
indicative of the air-fuel ratio of a mixture 
supplied to said engine on the basis of the 
composition of exhaust gases in said exhaust 30 
pipe; and heating means (100) for heating said 
air-fuel ratio sensor (8) ; characterized in that 
an engine operation sensor (211) is provided 
and is adapted to sense whether said engine 
has been stopped ; and 35 
control means (212) is provided for controlling 
said heating means to operate for a predeter- 
mined time after said engine operation sensor 
has sensed that said internal combustion 
engine has been stopped. 40 

4. An air-fuel ratio control system according 
to Claim 3, wherein a temperature sensor (10) is 
provided for sensing the temperature of the 
ambient air and/or said internal combustion 
engine (1), and the control means (212) is 45 
operative for ailowing, when said engine oper- 
ation sensor has sensed that said internal 
combustion engine has been stopped, while the 
ambient air and/or the engine temperature 
sensed by said temperature sensor is below a 50 
predetermined level, said heating means to 
operate for a predetermined time after said 
engine operation sensor has sensed that said 
internal combusion engine has been stopped. 

5. An air-fuel ratio control system for internal 55 
combustion engines according to claim 4, 
wherein said control means includes tempera- 
ture determining means for determining 
whether the engine temperature sensed by said 
temperature sensor is below said predeter- 60 
mined level, and a timer adapted to allow, when 

said engine operation sensor has sensed that 
internal combustion engine has been stopped 
while the engine temperature is determined by 
said temperature determining means to be 65 
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below said predetermined level, said heating 
means to operate for a predetermined time after 
said engine operation sensor has sensed that 
said internal combustion engine has been 
stopped. 

6. An air-fuel ratio control system for internal 
combustion engines according to any preced- 
ing claim, wherein said heating means com- 
prises an electric heater. 

7. An air-fuel ratio control system for internal 
combustion engines according to any preced- 
ing claim, wherein said engine operation sensor 
senses that said engine has been stopped, 
upon detecting turning off of the ignition switch 
of said engine. 

8. An air-fuel ratio control system according 
to any one of claims 1 to 4, wherein said control 
means comprises a timing means adapted to 
allow said heating means to operate for a 
predetermined time after stop of said engine. 

9. An air-fuel ratio control system for internal 
combustion engines according to claim 8, 
wherein said timer controls the length of time of 
electric power supply to said electric heater. 
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